A method for determination of the "apparent" bed roughness using "k-t"' turbulence closure model is developed. An approximate expression for apparent bed roughness calculations as function of wave and current parameters is derived. The domain of variable parameters is selected accordingly to the Israeli near-shore conditions. Flow patterns on the Tel-Aviv coast have been computed by employing the 3-D CAMERI flow model and by implementing apparent roughness maps, calculated by means of the approximate expression. Comparison of flow patterns computed with and without accounting for wave generated turbulence in the boundary layer shows that disregarding of the increase in bottom resistance in the 3-D model leads to essentially different results. Implementation of the apparent bed roughness maps to the 3-D model results in decrease of flow velocities and divergence of the velocity field around marine structures.
INTRODUCTION
In shallow aquatic environments, flows are driven in most cases by shear stress imparted to the flee surface by the wind or by the radiation stresses caused by waves, or by a pressure gradient induced by tide or atmospheric gradient water level variations. Most of the existing 2-and 3-D shallow water flow models are designed for the wind or tide driven currents. But for sediment transport in the near-shore region, wave driven currents are of primary importance. The influence of waves on the flow in the near-shore zone is not limited to the generation of driving forces for the current. The increased bottom resistance experienced by a current in the presence of waves results in an increase in turbulence intensities associated with the current.
Only sophisticated three-dimensional models allow calculation of current pattern and sediment transport in coastal areas with complex bathymetry, especially in the presence of marine structures. A problem related to the application of such models is the validation versus experimental data, especially, field data. Typically, data are not available in a quantity and quality that are sufficient to go through this procedure.
Due to computational expense, the 3-D models cannot include the sophisticated turbulence closure models that automatically take into account the increase in turbulent intensities. However, the phenomenon can be accounted for by introducing a wave (apparent bed) roughness that varies along the bottom and depends on flow properties, bathymetry and sediments.
The principal requirements are that the apparent bed roughness should be evaluated for the conditions that are typical for sediment transport calculations, that is, the wave-breaking zone on sandy beaches, and the result should be easily incorporated into a 3-D model. The Israeli near-shore wave-current conditions are studied. The "k-P" turbulence model suggested by Davies (1994) for wave-current investigation is adopted for near-shore conditions that are important for sediment transport applications and an approximate expression for the apparent bed roughness calculations is derived. The domain for wave and current properties variation is chosen according to the Israeli near-shore conditions, and the dependence of the wave (apparent) roughness on wave and flow properties is studied.
The method of obtaining wave roughness from the model implemented in the present work is as follows. When waves are "switched on" on the steady current, mean current velocity is retarded due to increased bottom resistance. Then, after convergence of the wave-current motion is achieved, waves are removed from the motion and substituted by pure current motion. In order to keep the same (reduced) water discharge as for the wave-current motion, bed roughness should be replaced by the larger value (since driving forces are held constant at their initial values). The bed roughness is replaced by the larger values gradually until the required mean current velocity is achieved. As a result, the "apparent" roughness, that provides the same mean velocity for the current alone configuration as in the case of wave-current motion, is obtained. The flowchart for the apparent bed roughness calculations is shown in Fig. 1 The wave roughness map of the region, calculated by this approximate expression, is used as an input parameter to the three-dimensional model. Feedback from the three-dimensional model is realized through an additional driving force that can be added to the initial driving forces. The additional driving force of pressure gradient type is an effect of horizontal non-uniformity of the flow that is modeled by the three-dimensional model. Wave roughness is recalculated with this additional driving force and then used again in the 3-D model.
CLIMATE AND BATHYMETRY CONDITIONS
The analysis of the climate and bathymetry conditions is necessary to set up the computational domain for simulations. The results presented below relate to practical applications for the Israeli coast but can be employed on other sandy beaches when the main subject of interest is focused on longshore sediment transport. The coastal region of Israel is characterized by small tidal waves and, correspondingly, weak tidal currents. Prevailing currents in the near-shore area are the wave-driven longshore currents. Outside the breaking zone the energy dissipation is weak, and the main driving force is induced by wind.
The vertical structure of the flow depends on the four dimensionless groups (k.d/h), (Uffub), (A/kd) and (~b), formed by six parameters, namely: bed roughness kd, water depth h, mean current velocity for the current alone Uc, amplitude of the wave orbital velocity ub, amplitude of the wave orbital motion A and mutual orientation of waves and current ~b. In order to find the upper and lower limits of dimensionless groups and select the most representative values, estimations of sediment drift in the Israel coastal area and possible wave-current situations arc performed. The estimations arc based on wave data measured simultaneously in Ashdod and Haifa as well as bathymetry data measured along the Israeli coast (Perlin and Kit, 1999) .
The typical Israeli seabed profiles arc described in detail in Kit and Pclinovsky (1998) . Mean grain size diameter ds0 and grain size distribution dsVdl6 on the Tel-Aviv coast (Pcrlin and Kit, 1999) are about ds0 ~ 0.17 mm and ds4/dl6 ~ 1.3. The region of maximum sediment drift is located through 0.5 to 8 m depth. In most simulations is taken as kd = 2.5d50. However, a number of simulations is also performed for higher bed roughness to account for the effect of mobile sand beds (Nielsen 1992) , and the bed roughness has been chosen to be approximately, ka = 80d~0.
Nine representative waves that define sediment transport in the Tel-Aviv area have been selected in accordance with the analysis performed by Dr. Sladkevich (personal communication, 1999) at the Coastal and Marine Engineering Research Institute (CAMERI). The analysis of the transformation of these representative waves leads to following results. Near-bed wave orbital velocity varies through 0.5-1.4 m/s. Amplitude of near-bed wave orbital motion varies in the range 0.5-2.5 m. Mean wave generated longshore current varies through 0-1.5 m/s, though in the breaking zone, mean current is 0.2 ntis and higher. Far from marine structures the wave driven currents are in the longshore direction. Though the angle ~b between waves and current varies from 0 ~ to 90 ~ it is worth emphasizing that in most situations when wave height exceeds 1 m, waves superimposed on current at an angle between 700 and 90 ~ because currents are in the lung-shore direction far from marine structures and high waves are always coming from directions close to normal to shoreline. The statistics of wave directions is discussed in detail in Perlin and Kit (1999) .
The limits of dimensionless groups have been found by introducing of the extreme values of the dimensional parameters into the dimensionless expressions. The most representative values (selected in bold) have been chosen accordingly to the distribution of the most probable combinations of the dimensional parameters:
kd/h = (0.5, 1, 2)E-4, lE-3; A/kd = (1, 3, 6)E+3; UJub = 0.1, 0.2, 0.5, 0.7, 1, 2; d~ ~ = 0, 45, 70 -90
In the present work, a limited number of combinations of dimensionless groups are studied and an approximate functional dependence of the apparent roughness on the dimensionless groups has been derived.
APPARENT BED ROUGHNESS EVALUATION
The results presented below show the dependence of the wave roughness on wave, current and morphological properties. The model has been run for values of the non-dimensional groups described above, but dependencies are plotted mostly for the non-dimensiunal group Uh/ut, = ,f~/u~ instead of U,./u~, because U h is considered to be prescribed (xb for the stationary motion should be equal to the vector sum of the driving forces). Uyc in this expression is the mean friction velocity, zb is the bed shear stress and p is the fluid density. Therefore, Ufc is the known variable, while Uc is obtained during solution. In the wide range of ~Jub and for both values of A/ka, the dependence of normalized apparent bed roughness on relative bed roughness is negligible. Indeed, if we assume that turbulence is generated mostly by waves, and that thickness of the turbulent wave boundary layer is small relative to the depth, then the wave boundary layer should not be affected by the entire depth and changes in water depth should not influence the wave boundary layer. For high values of A/ka (fixed bed roughness), the dependence of the apparent bed roughness on the angle is higher for the cases when the wave orbital velocity and current velocity are almost equal. For small waves on a strong current, or high waves on weak current, dependence on their mutual orientation decreases. For low values of Alka, the stronger the current relative to the wave orbital velocity, the higher the dependence on ~.
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In Fig. 4 the variations in dimensionless apparent roughness as a function of Ujub are shown for different values of A/ka (A/kd = 6000, 1000, 200, 100 and 33). The variations are shown for 80 ~ angle between waves and current. The dependence of the apparent bed roughness on the group Ufdub is very strong and normalized apparent bed roughness increases logarithmically as the group Ufdub decreases. In fact, Ufdub characterizes the relation between wave and current turbulent intensities.
It appears that the non-dimensional apparent bed roughness kw/ka depends mostly on three groups: Ufdub, A/kd and ~. Dependence on group kd/h is very weak and can be neglected. Approximation of this dependence enables one to conduct readily the evaluation of the apparent bed roughness when the mutual orientation of waves and current is close to normal and other input parameters are allowed to vary. The fitting function (Fig. 4) , which approximates this dependence, represents the sum of two exponents dependent upon group Ujub, while exponent coefficients are logarithmic functions of group A/ka. The dependence of the apparent bed roughness on mutual orientation of waves and current in most relevant situations (when the angle between waves and current is between 90 o and 70 ~ is insignificant. Nevertheless, between 70 o and 0 ~ that dcpcndence should be accounted for. The dependence of log(kJkd) on ~ also has been approximated for the fixed bed roughncss as shown in Fig. 5 . Linear approximation fits well and the inclination angle of the linear dependence is defined by parameters A/kd and Uydub, i.e.
log(k,/kd)= f for 700 <4-<900 (2) log(k,/ka)=f +G/O.22-q)) for 00<4<700
where Gfis a slope coefficient and ~ is presented in radians.
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Therefore, for the fixed bed roughness, equation (4) The expressions obtained by Sleath (1991) and Nielsen (1992) for mutual orientation of waves and current between 700 and 90 ~ The estimations of 0~parent roughness for waves and current propagating in the coinciding direction (dO = has been obtained based on numerical simulations as given in Fig. 3 .
-~-----x-!--Sleath {1991) expressions derived by Sleath (1991) , Nielsen (1992) and in the current research.
It can be clearly seen from the Fig. 6 , that in all cases the apparent roughness, obtained from Nielsen's (1992) expression, lie between its values computed for do = 900 and dp = 0 ~ and apparent roughness obtained from Sleath (1991) The feedback from the CAMERI model for roughness calculations is realized by using bed stresses from the CAMERI model to calculate a second approximation of the wave roughness map. The bed stresses are not equal to shear radiation stresses, even in steady flow, since the latter account for the additional stresses caused by horizontal non-uniformity of the flow. Then, the second approximation of flow pattern is calculated. The iterations stop when the integral ~f log(kw/ka) over the xy simulated domain, computed in successive iterations, converges to within 10% between these iterations. In all modeled cases three iterations were enough for convergence. 
CONCLUDING REMARKS
The typical wave-current situations for the Israeli near-shore conditions are studied and limiting and most typical values of the wave and current characteristics are selected. Dependence of wave-current motion in the near-shore conditions on four dimensionless groups, namely ka/h, UyJub (UJub), A/ka and d~ has been investigated.
An empirical expression, which associates the apparent roughness with dimensionless groups Ufdub, A/kd and ~b, has been derived using fitting techniques.
Maps of the apparent roughness for the Tel-Aviv coast have been obtained for particular wave conditions utilizing the approximate expression. The flow computations, accounting for the increase of apparent bed roughness caused by the turbulence induced by the waves, lead to a flow pattern, which differs significantly from that obtained by neglecting of wave generated turbulence. The implementation of the apparent bed roughness in the 3-D model enables evaluation of physically more reasonable flow patterns.
